‫الملخص‬
INTRODUCTION
Energy Efficient housing is relatively a new concept to Egypt despite the energy efficiency building code for residential buildings has issued by a ministerial decree in 2005. In addition, the definition of low-cost, in a housing sense, depends greatly on the economic capacity of the target group. One concept of affordability may prove too expensive in other instances of country implementation. Mulliner, E. et al. (2013) stated that the traditional way of conceiving and measuring affordability (the ratio of housing costs to income) fails to indicate anything about the quality of the housing or the environment in which the housing is situated, he stated that it is essential that affordability and sustainability issues are tackled simultaneously [1] . There is a real need to establish low cost energy efficient housing projects in Egypt due to the increasing of energy demand. The present energy strategy aims at increasing the share of renewable energy to 20 % of the energy mix by 2020. This target is expected to be met largely by scaling-up of wind power as solar is still costly and the hydro potential is largely utilized. The share of wind power is expected to reach 12 %, while the remaining 8 % would come from hydro and solar [2] . This paper explores passive and hybrid techniques of low cost energy efficient housing in hot arid climate taking into consideration the eight climatic zones as shown in Fig.1 which was divided by The Egyptian Energy Efficiency Building Code, EEBC. 
PASSIVE and HYBRID DESIGN TECHNIQUES
A passive building is a building in which a comfortable interior climate can be maintained without active heating and cooling systems. Passive design is considered as a solution involving the design of properly oriented, shaped, ventilated and shaded buildings suited to the bioclimatic features of the site. In other words, indoor thermal comfort is achieved naturally throughout most of the year. This option requires mostly expert time, and not much investment on materials or equipment [16] .
Using simple strategies such as orientation, size of windows openings, shading, and insulation which lead easily to a reduction of the net energy demand of around 30% and, at the same time indoor comfort is improved [3] . The passive design approach consists of different climate responsive strategies, to avoid heat transfer through the building envelope which mainly focuses on reduce heat gain and provide shade to cool roofs, walls, and windows.
The main strategies are [3] :  Orientation: reduce solar radiation on the building envelope.  Thermal zoning: allocate functions related to time of use and solar gain.  Building form and typology: reduce the solar radiation on the building envelope and optimize daylight access.  Building envelope design (size and location of windows and shading): provide the minimum required daylight access, together with a minimal heat while fulfilling the building codes requirments.  Ventilation and cooling techniques: use airflow to release heat and humidity.  Materials selection: to reduce heat transfer to the indoor space.  Landscaping: provide shade on the building, reducing the heat gain, and to create pleasant outdoor space.
Orientation
Solar heat gain of a building depends on the sun orientation .buildings are preferably placed on northern slopes to avoid excessive sun exposure, using natural shade. West slopes should be avoided. At higher altitude south exposure might be adequate for reasons of passive heating Valley bottoms(rarely found in Egypt) are additionally heated by reflection of sun radiation from the surrounding slopes.
Thermal Zoning
The location of the building functions should relate to the solar radiation and the users" occupancy patterns. The spaces are positioned in relation to the time of use, and, as required, the need to gain or to be protected from solar radiation. It is recommended that spaces with short term use, such as bathrooms, can be placed on the hot side of the building, the south west. This way they also function as buffer zones to protect other spaces. While the bedrooms are best located on the northeast side, to stay cool and avoid the need for cooling in the evening while gaining sunlight in the morning [3] .
Building Form and Typology
Building form refers to the shape, size, and orientation of the building blocks; "spatial configuration" characterizes how the building blocks are arranged in the given plot of land. Reducing the solar exposure on building surfaces is the first step towards reducing solar heat gains and internal cooling loads. Compact building has a lower surfacevolume ratio, and thus a smaller surface area to absorb solar heat compared to a building with a higher surfacevolume ratio [4] .
Building Envelope
Most of the cooling load in the residential buildings originates from solar heat gains and heat transmissions through the envelope (through windows, walls, and roof). Thus, special attention should be paid to reduce solar heat gains and heat transmission through the building envelope. The main building envelope features that influence the cooling thermal energy demand and thermal comfort in a residential unit are: size and location of window openings, shading system for windows, window properties, insulation properties of wall, and insulation properties of roof, color and finish of exterior surfaces (walls and roofs), Natural ventilation, and building air-tightness [4] . The building envelope design should aim at:
- There are several techniques for constructing external walls in hot, dry zones. One of the most famous techniques is the use of cavity walls. Heat-reflective membranes were tested to prevent heat flow between the inner and outer wall as shown in Fig. 2 . 
Ventilation and Cooling Techniques
Passive cooling is based on the interface of the building and its surroundings. Paradoxically, by employing passive cooling techniques into contemporary buildings, architects can eliminate mechanical cooling or even to a small extent decrease the size and cost of the equipment [11] .
Exclude excess solar radiation. (Cooling by effective shading)
Shading can reduce the temperature between 5 and 10oC [12] . South-facing windows are easy to shade, because during summer months, when shading is necessary, the angle of the sun is high. However, east and west-facing windows are much more difficult to shade because the sun is much lower in the sky. Shading types as in The results show that the integrated system interacts with the building envelope and weather conditions to achieve a decrease in indoor temperatures that reach 10°C to 11.5°C compared to outdoor temperatures. 
Cooling by thermal earth inertia
Passive cooling system could be obtained by making an underground chamber which stores cool air. Passive or hybrid cooling system employs the natural cooling techniques for sustainable building design, from extreme climates.
a-Underground Building
The contact of external building elements with a mass of soil is another form of thermal buffering. Soil temperatures are warmer than the outdoor air in winter and cooler in summer. On slopping sites, cutting into the incline can help to reduce envelope exposure as well as shield buildings from the wind and improve solar access between buildings. The underground building is an extreme case of this method. Underground homes in Siwa oasis Fig. 6A , B, C. Fig. 6D . Cooling tubes are long, underground metal or plastic pipes through which air is drawn. The idea is that as the air travels through the pipes, it gives up some of its heat to the surrounding soil, entering the building as cooler air. This will occur only if the earth is at least several degrees cooler than the incoming air [13] . A hybrid technique using ground-source heat pumps can offer energy cost savings relative to more conventional heating and cooling strategies (air-cooled chillers, air conditioners, boilers, etc.). Geothermal heat pump systems, also known as "geoexchange," are the most energy efficient, environmentally clean, and cost-effective space conditioning systems available, according to the Environmental Protection Agency. Water retention. Organic mulch. Thickness of 4" or better  Seventh Principle: Appropriate Maintenance, Sweeping walks after watering. Mowing turf areas to reduce excessive growth. Rain Barrels 2.6. Low cost and local low embodied energy materials Sustainable materials are keys to limiting the impact on the ecological system. Depending on the type of the material, it can reduce the flow, storage and release of heat. In warm, hot climates the thermal resistance, reflection, absorption and emissivity coefficients are important factors, to reduce the energy demand for cooling. Wallbaum, H. et al. (2012) produced Indicator based sustainability assessment tool for affordable housing construction technologies. The paper screened about 75 construction technologies and assessed 46 of them. The main finding was that the most promising technologies are closely connected to local production of materials [9] . Under the proposed set of indicators and weighting factors, the most strongly performing technologies are those associated with using hybrid materials of both bio-based products (such as bamboo and timber) and industrialized products (such as synthetic materials). Morela ( 2001) [5] . Vernacular architecture in the Western Desert is rich in examples of different approaches to earth building technology. Mainly, the building method for walls is mud bricks while exceptionally in the Siwa oasis it is salt blocks and mud (Karshif blocks). Along with the earth, the main roof material is local wood, either from trees or palms. Reeds and palm ribs are used as secondary construction materials in roof construction. Earth is an extremely versatile substance. It can be combined with many other components or materials, especially straw and natural fibers, to form solid volumes, thick walls and unifying plaster [6] . Building with earth is an easy yet labor intensive process, a fact that can be considered an advantage in developing countries [7] . Using stabilized earth improves its thermal properties and reduces the energy consumed for heating and cooling which is negligible when compared to conventional methods using concrete and fired brick [8] .
b-Cooling by Underground Earth Tubes see

I N T E R N A T I O N A L E X P E R I M E N T S
Energy efficient low cost practices which comprise three major aspects: a. Construction materials and methods.
b. Design aspects. c. Renewable energy technologies. The following part of this paper will present six international experiences of low cost housing projects all over the world comprising the mentioned aspects. Earthship is an autonomous home which utilizes passive solar principles, earth-sheltered design and innovative "offgrid" systems to provide the occupants with shelter, thermal comfort, food, water, electricity and wastewater treatment Fig. 10A . a. Construction materials and methods In this model the exterior wall construction is made from tires filled with rammed earth (Fig. 10B) . A layer of polystyrene is positioned vertically in the berm about 1200mm from the tyires. glass bottles made into walls using cement for bonding. The roof is corrugated metal with a propanel finish, so clean water can be collected from its surface b. Design aspects Orienting the building to south to gain the most heat in winter to the front gallery (see Fig.10C ) which is intended as an infrequently used space (it serves as an air-lock entry/corridor) [17] . So Ventilation is from the front gallery .Roof window for hot air to exit in summer. Front south glass elevation provides natural lighting with the help of light tubes.
Earth Ships Biotecture
c. Renewable energy technologies
Water is heated from the sun, biodiesel and/or natural gas is used in all earthship models. In addition, using PVs & Wind catchers. Hourly monitoring data of the indoor temperature were used to calibrate a simulation model of the building the results show that the Global Earthship is able to provide thermal comfort without heating and cooling provided there is adequate solar irradiance but where overcast conditions prevail, a small amount of backup heating is necessary See Fig. 10D (308S; 518W) , was built on the university campus, several sustainable issues were considered in the design phase.
a. Construction materials and methods
The walls were built mostly with 0.11 m ceramic clay bricks, except for the southern and western external walls where thermal insulation. Recycled aluminum for roof insulation (reused printing offset sheets).With the possibility of self-construction.
b. Design aspects Solar orientation; the most frequently used areas are oriented to the North or East. Vegetation for shading the house and the construction of a pergola, with creepers, built to shade and protect the West facade from direct solar radiation, and an operable opening in the roof for summer ventilation of its attic, see Fig. 11A c.
Renewable energy technologies
Solar collector for water heating Thermal performance of the house was monitored, by recording Outdoor and indoor air temperature and relative humidity were recorded, see Fig.11B . On an hourly basis, over a whole year. Findings demonstrate that simple bioclimatic strategies, such as those adopted in the Alvorada prototype, can significantly improve the thermal performance of low-cost housing [18] .
(A) View of the Alvorada House prototype.
(B) Outdoor and indoor air temperature, time delay and reduction factor for a hot spell. Fig.11 The project evolves from an "L" form to a "U" shaped building that maximizes surface to the south (see Fig. 12A , B), a. Construction materials and methods Three gabion walls that can be adjusted help to regulate the topography as shown in Fig. 12 C. Prior to the construction of the building, grading, and Reinforced tire foundations gabion retaining wall construction, drainage swales and earth bag walls can be constructed by the community. This requires very little outside resources, because much of the materials come from the site itself. One of the proposed technologies for this project is Papercrete which is comprised of waste paper and cement. The material can be easily formed into blocks and used for the construction of walls and roofs Thus; a 10-12 inch thick wall can be expected to have a high insulating R-30 performance. The strongest mixes exceeded 2000 psi, which would be adequate for load bearing structures of at least two stories with 12 inch wall thickness. This system works better in hot and dry climates. Finally using recycled wood pallet roof truss system. b. Design aspects North south orientation while permitting cross ventilation through the spaces as needed. Materials with high thermal capacity are used to store heat in the winter or act as heat sinks in the summer. Concrete floors and earth bag walls provide the mass needed for thermal storage [19] . "Extensive" green roof of "cal earth" bags (rice sack) has been incorporated into the design to assist in mitigation of rainfall runoff while providing improved heating and cooling performance and an increased roof life expectancy due to reduced UV exposure. A small water circulation pump moved water through the thermal collector and the floor -through low cost irrigation tubes-to transfer the heat absorbed by the sun"s energy in the collector to the slab, which would then radiate into the space to achieve thermal comfort in cold winter times. This is called Solar Radiant Floor Heating System [20] .
c. Renewable energy technologies
Solar air heaters in the south walls and hydronic systems with solar collectors to heat the water. Thermal simulations with energy modeling software indicate that passive heating and cooling systems provide thermal comfort inside the house. Minimizing heat gains with an adequate orientation, providing solar protection devices, minimizing conduction gains, providing thermal inertia, and allowing nocturnal heat loss. East and west façades are detached, All openings (doors and windows) are protected by vertical or horizontal solar shading devices A roofing system built of a high thermal mass material in the interior layer and a thermal insulation material on the exterior layer, covered by a high-reflectance film finished with a layer of white elastomeric insulation as a reflective and waterproofing material, reinforced with a textile membrane. c. Renewable energy technologies. Solar water heater was used and a 1-kW network-connected photovoltaic system. To describe the house performance, indoor air temperature measurements were compared with temperature comfort limits. And the applied thermal strategies are demonstrated to be effective. See 
REVIEW FINDINGS
The research found that each of the studied projects fulfilled one or more of energy efficient low cost practices comprise three major aspects: 
CONCLUSION
The paper explored the constrains and the energy efficiency strategies for hot arid zones then it reviewed passive & hybrid design techniques then screened six case studies of energy efficient low cost housing projects worldwide showing their energy efficiency practice and their methods to overcome climate and cost challenges using hybrid and passive techniques along with using local materials and renewable energy. The paper recommended some of these techniques to be implemented in Egypt as shown in table 3: 
